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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ROTATING ELECTRICAL MACHINES –  

 
Part 27-1: Off-line partial discharge measurements  

on the winding insulation 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60034-27-1 has been prepared by IEC technical committee 2: 
Rotating machinery. 

This International Standard cancels and replaces IEC TS 60034-27 (2006). It constitutes a 
technical revision. 

The main technical changes with regard to IEC TS 60034-27 (2006) are as follows: 

• In 1st version the scope was not well defined, and open to a too wide range of 
measurement frequencies. That has been corrected. 

• In 1st version pulse magnitude was defined in different ways. Now, 2 definitions are given, 
one for each method. 

• In 1st version the types of PD were erroneous. Especially the definition of the most critical 
“slot discharges” has been improved. 
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• Adding one more common test arrangement to Clause 7. 

• Adding Annex A. 

• Adding Annex B. 

• Adding Annex G. 

• Moving part of the original text (valid for old fashioned instruments) to new Annex H. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

2/1877/FDIS 2/1887/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 60034 series, published under the general title Rotating electrical 
machines, can be found on the IEC website. 

NOTE A table of cross-references of all IEC TC 2 publications can be found in the IEC TC 2 dashboard on the 
IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

For many years, the measurement of partial discharges (PD) has been employed as a means 
of assessing the quality of new insulation systems and the condition of aged insulation 
systems. It is also considered as a means of detecting localized sources of PD in used 
electrical winding insulation arising from operational stresses in service. Compared with other 
dielectric tests (e.g. the measurement of dissipation factor or insulation resistance) the 
differentiating character of partial discharge measurements allows PD sources within the 
insulation system to be detected. 

In connection with the servicing and overhaul of rotating machines, the measurement and 
analysis of partial discharges can also provide information on: 

– presence of ageing effects and potential defects in the insulating system; 
– ageing processes; 
– further measures and intervals between overhauls. 

Although the PD testing of rotating machines has gained widespread acceptance, it has 
emerged from several studies that not only are there different methods of measurement in 
existence but also the criteria and methods of analysing and finally assessing the measured 
data are often different and not comparable. Consequently, there is a need to give some 
guidance to those users who are considering the use of PD measurements to assess the 
condition of their insulation systems. 

Partial discharge testing of stator windings can be divided into two broad groups: 

a) off-line measurements, in which the stator winding is isolated from the power system and 
a separate power supply is employed to energize the winding; 

b) on-line measurements, in which the rotating machine is operating normally and connected 
to the power system (IEC 60034-27-2). 

Both of these approaches have advantages and disadvantages with respect to one another. 
While acknowledging the extensive world-wide use of on-line methods and their proven value 
to industry, this international standard is confined to off-line techniques. This approach is 
considered necessary to render this standard sufficiently concise to be of use by non-
specialists in the field of PD testing. 

Limitations: 

When PD measurements are performed on stator windings, several external factors will 
inevitably affect the result. Consequently, PD measurements are only comparable under 
certain conditions. 

In a factory or site environment, the PD measurement results will be influenced by noise, 
unless provisions have been made to reduce the influence of noise. Different hardware and 
software methods, affecting for example measurement frequency band or noise cancellation 
algorithms, are used in different equipment systems to separate relevant PD signals from 
noise. Recalculation of the measured PD signal to an equivalent charge is an additional step 
that will be dependent on the measurement and the calibration equipment that has been used 
for normalization, as well as the method used. 

Measurement conditions including temperature and moisture as well as test object set-up will 
further affect the PD result. In case of a stator winding, the attenuation and dispersion of the 
PD pulse during propagation will be dependent on the actual winding design and the origin of 
the pulse. 
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Based on the above reasons, absolute PD magnitude limits for the windings of rotating 
machines, for example as acceptance criteria for production or operation are difficult to 
define. 

In addition, the degree of deterioration, and hence the risk of insulation system failure, 
depends on the specific type of PD source and its location within the stator winding insulation, 
both of which can influence the test results significantly. 

Users of PD measurement should be aware that, due to the principles of the method, not all 
insulation-related problems in stator windings can be detected by measuring partial 
discharges (for example insulation failure mechanisms, which are not accompanied by pulse 
signals due to conductive paths between different elements of the insulation). Pulse signals 
may further remain undetected in practice due to the impact of electrical noise and 
disturbance conditions, which limit the detection sensitivity. 

For individual bars and coils, absolute limits for PD magnitude are also difficult to establish 
due to disparities between different test equipment and test setups. Therefore, no absolute 
limits are given in the current version of this document. 
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ROTATING ELECTRICAL MACHINES –  
 

Part 27-1: Off-line partial discharge measurements  
on the winding insulation 

 
 
 

1 Scope 

This part of IEC 60034 provides a common basis for: 

– measuring techniques and instruments; 
– the arrangement of test circuits; 
– normalization and testing procedures; 
– noise reduction; 
– the documentation of test results; 
– the interpretation of test results, 

with respect to partial discharge off-line measurements on the winding insulation of rotating 
electrical machines. 

The measurement methods described in this document are applicable to stator windings of 
machines with or without conductive slot coating and to the stator windings of machines made 
with form wound or random wound windings. In special cases like high voltage rotor field 
windings, this document is applicable as well. The measurement methods are applicable when 
testing with alternating sinusoidal voltages from 0,1 Hz up to 400 Hz. 

Interpretation guidelines are given in this document and are applicable only if all the following 
requirements are fulfilled: 

– Measurements performed with power frequency of 50 Hz or 60 Hz, or when testing with 
power supply within a frequency range of 45 Hz to 65 Hz. 

– Form wound windings and winding components such as bars and coils. 
– Winding with conductive slot coating. This is usually valid for machines with voltage rating 

of 6 kV and higher. 

For machines with random wound windings, form-wound windings without conductive slot 
coating, and testing at frequencies differing from power frequencies, the interpretation 
guidelines are not applicable. The testing procedures for off-line PD-measurements of this 
document can be used for assessing the uniform quality of manufacturing or/and the trending 
of these kind of windings as well as converter driven machine windings. 

NOTE Testing of low voltage machines with so called Type I insulation systems is defined in reference [10]1. 
Testing procedures for qualification of converter driven high voltage machines with so called Type II insulation 
systems are dealt with in IEC 60034-18-42 (in addition to the optional electric tests described therein). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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IEC 60034-18-32, Rotating electrical machines – Part 18-32: Functional evaluation of 
insulation systems – Test procedures for form-wound windings – Evaluation by electrical 
endurance 

IEC 60034-18-42, Rotating electrical machines – Part 18-42: Partial discharge resistant 
electrical insulation systems (Type II) used in rotating electrical machines fed from voltage 
converters – Qualification tests 

IEC TS 60034-27-2, Rotating electrical machines – Part 27-2: On-line partial discharge 
measurements on the stator winding insulation of rotating electrical machines 

IEC 60034-27-4, Rotating electrical machines – Part 27-4: Measurement of insulation 
resistance and polarization index of winding insulation of rotating electrical machines 

IEC 60060-1, High-voltage test techniques – Part 1: General definitions and test requirements 

IEC 60060-2, High-voltage test techniques – Part 2: Measuring systems 

IEC 60270:2000, High-voltage test techniques – Partial discharge measurements  
IEC 60270:2000/AMD1:2015 

3 Terms and definitions 

For the purposes of this document, the general terms and definitions for partial discharge 
measurements given in IEC 60270 apply, together with the following. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
partial discharge 
PD 
localized electrical discharge that only partially bridges the insulation between conductors and 
which can or cannot occur adjacent to a conductor 

3.2  
off-line measurement 
measurement taken with the rotating machine at standstill and disconnected from the power 
system 

Note 1 to entry: The necessary test voltage is applied to the winding from a separate voltage source. 

3.3  
on-line measurement 
measurement taken with the rotating machine in operation and connected to the power 
system 

3.4  
stress control coating 
paint or tape on the surface of the groundwall insulation outside the slot section whose 
purpose is to smoothen the potential differences on the surface of high voltage stator bars 
and coils 
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Note 1 to entry: The stress control coating reduces the electric field stress along the winding overhang to below a 
critical value that would initiate PD on the surface. The stress control coating overlaps the conductive slot portion 
coating to provide electrical contact between them. 

3.5  
conductive slot coating 
conductive paint or tape layer in intimate contact with the groundwall insulation in the slot 
portion of the coil or bar side, often called ‘semiconductive’ coating 

Note 1 to entry: This coating provides electrical contact to the stator core. 

3.6  
slot discharges 
discharges that occur between the outer insulation surface of the slot portion of a coil or bar 
and the grounded core laminations 

3.7  
internal discharges 
discharges that occur within the groundwall insulation 

3.8  
surface discharges 
discharges that occur on the surface of the insulation or on the surface of winding 
components in the winding overhang or the active part of the machine winding 

3.9  
pulse magnitude distribution 
number of pulses within a series of equally spaced windows of pulse magnitude during a 
predefined measuring time 

3.10  
pulse phase distribution 
number of pulses within a series of equally spaced windows of phase during a predefined 
measuring time 

3.11  
partial discharge pattern 
number of pulses for a matrix of PD magnitude vs. AC cycle phase position for visualization of 
the PD behaviour during a predefined measuring time 

Note 1 to entry: Another type of representation may be used for the interpretation and source separation, such as 
frequency vs. time. 

3.12  
coupling device 
usually an active or passive four-terminal network that converts the input currents to output 
voltage signals  

Note 1 to entry: These signals are transmitted to the measuring instrument by a transmission system. The 
frequency response of the coupling device is normally chosen at least so as to efficiently prevent the test voltage 
frequency and its harmonics from reaching the measuring instrument. 

3.13  
PD coupling unit 
high voltage coupling capacitor of low inductance design and a low voltage coupling device in 
series 
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3.14  
largest repeatedly occurring PD magnitude 
Qm 
largest magnitude associated with a PD pulse repetition rate of 10 pulses per second (pps), 
which can be directly inferred from a pulse magnitude distribution 

Note 1 to entry: Other repetition rates may be used for defining the Qm, for example 50 or 60 pulses per second. 
If other rates are used, this needs to be indicated, for example as Qm50 or Qm60. 

3.15  
weighted occurring PD magnitude 
Qiec 
weighted magnitude recorded by a measuring system which has the pulse train response in 
accordance with IEC 60270 

Note 1 to entry: In this document, the symbol Q will be used as a placeholder for both definitions of charge, Qm 
and Qiec. 

3.16  
noise  
signals that clearly are not pulses and are not generated by the stator winding 

3.17  
disturbance  
pulsed signals that clearly are not partial discharges but may have PD like characteristics 

4 Nature of PD in rotating machines 

4.1 Basics of PD 

Generally, partial discharges (PD) can develop at locations where the dielectric properties of 
insulating materials are inhomogeneous. At such locations, the local electrical field strength 
may be enhanced. Due to local electrical over-stressing this may lead to a local, partial 
breakdown. This partial breakdown does not result in a breakdown of the insulation. PD in 
general requires a gas volume to develop, for example in gas filled voids embedded in the 
insulation, adjacent to conductors or at insulation interfaces. 

A partial discharge can occur when the local electrical field strength at an inhomogeneity 
exceeds its breakdown strength. This process may result in several PD pulses during one 
cycle of the applied voltage. In rotating machines with micaceaous insulation the occurrence 
of numerous imperfections like small voids at new insulation and delaminations at aged 
windings is unavoidable. Therefore, a superposition of PD sources of different intensity will 
always be measured. 

The amount of charge transferred in the discharge is closely related to the specific properties 
of the inhomogeneity such as the dimensions and the specific dielectric properties of the 
materials involved, for example surface properties, kind of gas, gas pressure, etc. 

Stator winding insulation systems, including type II machines as defined in IEC 60034-18-42 
are expected to experience PD activity in service. The insulation systems are inherently 
resistant to partial discharges due to their inorganic mica components. However, significant 
PD in these machines is usually a symptom of insulation deficiencies, such as a 
manufacturing problem or in-service deterioration, rather than a direct cause of failure. 
Nevertheless, depending on PD source and magnitude of the specific conditions at this point, 
it may turn into a significant ageing factor of a local insulation ageing process. The time to 
failure may not correlate with PD levels, but depends significantly on many factors for 
example but not limited to operating temperature, wedging conditions, degree of 
contamination, etc. 
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The measurement and the analysis of the specific PD behaviour can be used for quality 
control of new windings and winding components and for early detection of insulation 
deficiencies caused by thermal, electrical, ambient and mechanical ageing factors in service, 
which might result in an insulation failure. 

4.2 Types of PD in rotating machines 

4.2.1 General 

Partial discharges shall be generally expected in insulation systems of HV rotating machines, 
but their magnitudes, amount and positions depend on the design, materials, manufacturing 
processes, quality as well as on environmental and ageing conditions. For a given machine 
design, the nature of the materials used, manufacturing methods, operating conditions, etc., 
can profoundly affect the quantity, location, characteristics, evolution and the significance of 
PD. For a given machine, the various PD sources may be identified and distinguished in many 
cases by their characteristic PD behaviour. Additional diagnostic tests and visual inspections, 
if applicable, may verify the PD source. 

4.2.2 Internal discharges 

4.2.2.1 Internal voids 

Although manufacturing processes are designed to minimize internal voids, inevitably there is 
some void content in a resin impregnated mica tape insulation system that is normally used in 
high voltage rotating machines. As PD are normal for high voltage rotating electrical machines 
the mica in the insulation is intended to provide an acceptable life under the specified ageing 
conditions. See also IEC 60034-18-32 for detailed information. 

4.2.2.2 Internal delamination 

Internal delamination within the main insulation can be caused by improper resin impregnation 
or curing of the insulation system during manufacturing or by mechanical or thermal over-
stressing during operation. Delamination can also develop due to ageing of insulation. 
Delamination due to ageing is normally a long-term process. Therefore, delamination in old 
insulation is a clear sign of insulation ageing. Large voids may develop over a large area 
resulting in discharges of relatively high energy, which may significantly deteriorate the 
insulation. In particular, delamination will reduce the thermal conductivity of the insulation, 
which might lead to accelerated ageing. Thus, delamination needs careful consideration when 
PD activity is being assessed. 

4.2.2.3 Debonding between insulated conductor and groundwall insulation 

Debonding PD between conductors and insulation material are generated within air or gas 
filled elongated pockets (in longitudinal direction) that are embedded between the main 
insulation and the conductor stack.  

They may result from overheating or from extreme mechanical forces that both lead to 
separation of large areas between these layers. 

4.2.3 Slot discharges 

Slot discharges in high voltage rotating machines could develop when the conductive slot 
portion coating is compromised. This could happen due to high local electrical field 
enhancement at coating material impurities or because of bar/coil movement in the normal 
slot part or at the stepped slot exit area, for example by a loss of wedging pressure due to 
settlement, erosion or abrasion of the materials, chemical attack or manufacturing 
deficiencies. When coils/bars are loose, the electromagnetic forces will cause the loose 
bar/coil to vibrate in the slot, leading to abrasion of the slot conductive coating and insulation. 
Where a local damage of the conductive slot coating is already present, there is a starting 
point for partial discharges with high pulse magnitude acting between grounded metal 
electrode (slot iron) and main insulation surface. These discharges will be primarily generated 
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at electrically high stressed bars or coils at phase terminal side of stator winding. The PD 
activity results in increased ageing through erosion of the main insulation. Coil loosening can 
also lead to mechanical abrasion in a severe case. 

As insulation erosion is caused by high voltage induced slot discharges, it will occur more 
severely at bars/coils near HV terminals. Therefore, off-line PD measurements will provide 
different PD intensity and, sometimes, patterns at terminal and neutral side, in the presence 
of slot discharges. 

Bar or coil vibration within the slots during operation, caused e.g. by forces due to the 
electromagnetic field and in the condition that the bars and coils are not tight anymore, may 
be the initial state of slot portion coating damage. Under certain conditions vibration sparking 
may occur during machine operation. This is caused by intermitted interruption of driven 
currents which are caused by electromagnetically induced voltages. Although it is not a PD 
phenomenon it may occur similarly during measurements. 

When the conductive slot coating is deteriorated by the vibration sparking, in standstill these 
can be measured as slot discharges. Since vibration sparking is driven by the magnetic field 
this phenomenon can occur mainly in the slot section of each bar or coil, from terminal side to 
neutral side, the effect may be measured on both sides of the winding. Comparative 
measurements including pattern analysis on terminal and neutral side may give an indication 
for vibration sparking. F.1.4 provides more background information. 

4.2.4 End-winding gap and surface discharges 

Partial discharges in the end-winding area may occur at several locations with high local 
electric field strengths. Such discharges usually occur at interfaces between different 
elements of the stator winding overhang. If the stress control coating of the end-winding 
becomes ineffective because of poorly designed interfaces, contamination, porosity, thermal 
effects, etc., reliable field grading is no longer ensured and surface discharges will develop, 
which may gradually erode the insulation and surface materials. This is normally a slow 
ageing mechanism. The PD behaviour might be subjected to relatively fast changes due to 
surface effects. 

In addition, PD may occur between phases, for example due to inadequate interface 
clearance, at elements of the overhang support system, or as phase to ground discharges on 
the end-winding surface. 

4.2.5 Foreign conductive materials discharges 

Conductive contamination of the winding may result in a strong local concentration of partial 
discharges. These may result in a localized damage in the insulation. More dangerous may be 
larger metal pieces such as broken bolts or screws, as well as unintentionally forgotten tools. 
Beside the local concentration of PD and its potentially damaging effect it may lead to 
secondary impact such as immediate mechanical damage or abrasion driven by the impact of 
the magnetic field to such metal pieces. 

These may result in a localized damage in the insulation. 

4.3 Pulse propagation in windings 

At its origin a partial discharge current can be characterized as a transient pulse with a rise 
time of only a few nanoseconds. For these short PD pulses with a high frequency spectrum, 
the stator windings represent objects with distributed elements in which travelling wave, 
complex capacitive and inductive coupling, and resonance phenomena occur. Therefore, PD 
pulse propagation phenomena need to be considered. Due to the attenuation, distortion, 
reflection and cross-coupling of travelling wave signals, the form and magnitude of the PD 
signal recorded at the terminals of the winding differ from those at the point where it 
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originates. With that in mind, the following points are important for interpreting PD 
measurements taken on rotating machines: 

– the transmission function from the PD source to the PD sensor is unknown and depends 
on the specific design of the machine which determines the frequency response of the 
stator winding. Therefore, the energy at the source of the PD cannot be measured directly; 

– the individual high frequency transmission behaviour of a stator winding, depending on a 
characteristic of the machine being tested and the location of the PD sources, changes the 
PD pulse characteristics at the terminals; 

– very high frequency components of PD signals are subject to considerable attenuation 
when travelling through the winding and, depending on the origin of the PD, might not be 
detectable at the terminals of the test object. 

As a consequence of the above-mentioned phenomena not only the particular stator winding 
design but also the specific frequency response of the PD detection system, including 
coupling devices, will significantly influence the characteristics of the signal detected by the 
PD measurement instrument. 

5 Measuring technologies and instrumentation 

5.1 General 

In line with IEC 60270, this clause deals solely with electrical methods of measuring partial 
discharges because the electrical, conductive measurement of partial discharges is the most 
commonly used method of assessing the winding insulation of rotating machines. Other off- 
line methods for PD detection and methods for localization are listed in Annex C. 

Partial discharge measuring systems can be divided into subsystems: coupling device, 
transmission system (for example, connecting cable or optical link) and measuring instrument. 
In general, the transmission system does not contribute to the circuit characteristics, apart 
from some possible signal attenuation, and will thus not be taken into consideration. 

5.2 Influence of frequency response of measuring system 

The frequency response of the PD detection system, including the PD coupling unit, 
determines how much energy of the PD signal from the winding can be detected. Thus, the 
frequency response of the system, especially the type of coupling unit being used, has a 
considerable impact on the overall sensitivity of detection. Due to the different values of the 
lower and upper limit frequency, the following qualitative relationships are basically applicable 
when testing complete windings: 

– measurement in the lower frequency range ensures good sensitivity not only for partial 
discharges in bars/coils close to the sensor but also for those that originate from further 
away in the winding. However, the lower frequency range is more subjected to noise and 
disturbances; 

– measurement in the very high frequency range may acquire only a very small proportion of 
the total PD energy, which results in sensitivity to signals originating only very close to the 
sensor. However, this frequency range may be less susceptible to noise and disturbance. 

For off-line PD testing to obtain appropriate sensitivity to PD from the whole winding it is 
advisable to use wide band (as defined in IEC 60270) PD measuring systems. The lower limit 
frequency should be in the range of several tens of kHz in accordance with IEC 60270. 

It should be noted that depending on the winding design and the measurement arrangement 
used, resonance phenomena that are in the frequency range of the PD measuring device may 
occur and therefore may also influence PD results. 
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5.3 Effects of PD coupling units 

For off-line PD measurements on stator windings and PD tests on winding components 
capacitive coupling units are often used. These consist of a high voltage capacitor and a low 
voltage coupling device in series. When testing individual winding components, the coupling 
device may also be connected in series to the test object (see Figure 4b). The low voltage 
coupling device is connected to the transmission system. 

The high voltage capacitor, the coupling device, the transmission system, the input 
impedance of the measuring system and the measuring impedance represent a high-pass 
filter. Therefore, increased input impedance or higher capacitance values lead to an increased 
sensitivity. 

Figure 1 shows schematically the frequency response of an idealized PD pulse and the 
transfer functions of different PD coupling units with a high voltage capacitor and a resistive 
measuring impedance Zm = R at the low voltage side. The marked overlap of the spectra of 
the PD pulse and the coupling unit, shown in Figure 1, for an RC time constant of 5 ns, 
determines the signal energy which can be measured. In practical cases, such systems show 
band pass filter characteristics due to parasitic L and C components. 

 

Time constant of PD coupling unit 

for Zm = R: τ = RC 
 

Lower cut-off frequency: 

f lo = 1/(2πRC) 

 

Components 

Zm measuring impedance 

Cc coupling capacitor 

Figure 1 – Frequency response of a PD pulse and coupling units 
of various time constants 

PD pulses are attenuated and dispersed while propagating through the winding, especially at 
higher frequencies. Therefore, measuring systems with lower limit frequency in the lower 
frequency range usually provide an average to good sensitivity to PD from the whole winding. 

When taking measurements on individual winding components, the high voltage coupling 
capacitor is connected to the copper conductor. The coupling device may be connected in 
series with the coupling capacitor, or, if the component can be isolated from ground, placed in 
the grounding connection lead of the test object. For PD measurements on complete 
windings, the coupling unit is connected to the terminals of the machine or inside the frame 
directly to the winding conductors. 
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The following low voltage coupling devices are typically combined with the high voltage 
capacitor: 

– RLC filters or four-terminal networks (see IEC 60270) wherein an inductance serves to 
suppress the power frequency component; 

– high-frequency current transformers (RF-CT) which may also serve to galvanically 
separate the high voltage circuitry from the measuring device. 

RF-CT connected with ground wires can also be used as a standalone coupling device. When 
using fibre optical signal transmitters, the coupling devices can also be installed on the HV 
side of the capacitor. 

5.4 Effect of the measuring instrument 

The first PD instruments were all made with analog circuits. The output of an analogue 
instrument is a scalar value that is the response of the PD impulse train to the filters and the 
detection circuit. Since the PD is a stochastic phenomenon, this scalar value fluctuates over 
time. The PD magnitudes as defined in IEC 60270 and in definitions 3.14 and 3.15 of this 
document are two methods of processing this value. 

With digital processing, more sophisticated processing can be applied to extract more 
information from the signal. Digital circuits may appear at many stages, and with many 
variations amongst commercial systems. The main benefit of digital processing is the 
separation of PD impulses for the interpretation. In most systems, the separation is in time 
and amplitude. In practice, many modern PD acquisition systems introduce two settings that 
have an influence on the PD magnitude: a trigger level and a finite integration time. The 
trigger has the same function as the one found on an oscilloscope: that is to prevent 
processing low level signal. 

The influence of the filter bandwidth of the measurement instrument is described in Annex H 
and IEC 60270. 

6 Visualization of measurements 

6.1 General 

In view of the fact that it is the condition of the insulation system that is being assessed, the 
PD data recorded with one of the measuring devices described in Clause 5 should be 
processed appropriately. Since the degree of erosion in the insulation system, and therefore 
the risk of failure, is directly related to the particular nature of the partial discharge source, it 
is necessary to obtain reliable information on the kind of partial discharge sources that are 
measured. 

6.2 Minimum scope of PD data presentation 

To evaluate the PD behaviour, assuming the PD is higher than the noise and disturbance, it is 
required that at least the classic parameters of partial discharge measurement, are used as 
follows: 

– the PD magnitude; 

– the r.m.s. or the peak/ 2  value of test voltage;  

– the frequency of test voltage. 

The PD magnitude, as the largest repeatedly occurring magnitude, can be expressed in terms 
of voltage [mV] or in terms of apparent charge [pC] and evaluated in accordance with 
IEC 60270. In principle, the measuring unit used for quantifying the PD magnitude is arbitrary. 
In the display obtained from these two parameters, the PD magnitude Q related to the test 
voltage U applied to the winding or winding component is shown as function Q = f(U) for 
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increasing and decreasing voltage. Here, the test voltage, in accordance with 9.1.5, is 
increased to a specified maximum value, either continuously or in suitably chosen steps, 
before being reduced to the minimum test voltage. When a PD pattern is available it can be 
used to exclude noise and signals coming from outside the winding from the actual 
measurement signal. In addition, the PD pattern can be used for PD source localization. 

In addition, the inception voltage Ui (PDIV) and the extinction voltage Ue (PDEV) of the partial 
discharges from the test object, in accordance with IEC 60270, can be determined from the 
curve Q = f(U) in Figure 2. The inception and extinction voltages are related to a specified low 
threshold value of PD magnitude. This procedure is typically applicable for single bar testing 
in workshops and for development purposes. Further advice for defining a threshold value is 
given in 7.1. 

Figure 2 shows an example of the Q = f(U) diagram. It is preferable to assign the voltage to 
the abscissa and the PD magnitude to the ordinate. The voltage axis is then linear scaled. 
Normalizing the voltage values to predetermined reference values, for example the maximum 
test voltage Umax, facilitates comparisons. The PD magnitude axis can be scaled either 
linearly or logarithmically. 

 

 

Figure 2 – PD magnitude as a function of the normalized 
test voltage Q=f(U/Umax) 

6.3 Additional means of PD data representation 

6.3.1 General 

When using digital PD measuring devices, the PD magnitude qi is acquired for the train of PD 
pulses for each individual PD event that occurs during the measuring time and the associated 
instantaneous voltage ui at time ti or, for periodic AC voltages, the phase angle φi within the 
corresponding period of the power-frequency test voltage. In each case, the measured values 
of PD are recorded with a suitable type of measuring device and stored so that they can be 
analysed later by appropriate methods. 
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Additional quantities can be derived from the PD data like integrated charge, discharge 
current, quadratic rate, PD power, and PD energy in accordance with IEC 60270. However, 
with digital systems, the derived PD quantities will depend on the specific instrument settings 
during testing, for example trigger level, etc. By using suitable diagrams during the 
subsequent analysis, it is possible to visualize the PD measurements so that the condition of 
the insulation system can be assessed. Either statistical distribution of PD parameters, phase-
resolved or time-resolved presentation of individual measured PD parameters, or so-called 
scatter diagrams of specific parameters can be employed for this purpose (for example pulse 
magnitude distribution, pulse phase distribution, phase resolved pulse magnitude distribution, 
oscillograms of pulse trains, PD distribution maps, etc.). 

More detailed information on suitable PD pattern types and PD diagrams for further analysis 
can be found in reference [3]. 

6.3.2 Partial discharge pattern 

A partial discharge pattern can be viewed as a PD distribution map, in which specific PD 
quantities are correlated in a scatter plot to obtain information on the sources of PD activity. 
Usually, a 2-dimensional PD distribution map is employed for visualization. 

A PD pattern, which is recommended for identifying the causes of PD in stator winding 
insulation systems, is the φ-q-n pattern in which the PD magnitude qi is on the ordinate and 
the phase of occurrence φi is on the abscissa for each individual PD pulse. In the scatter plot, 
the frequency of PD occurrence (n) within each phase/magnitude window should be visualized 
by employing a suitable colour code whose scale may be visualized by the side of the plot. 

The φ-q-n pattern is more commonly called PRPD pattern (Phase resolved Partial Discharge 
pattern) in literature and will be used further on within this document. Figure 3 shows an 
example of a PRPD pattern. 

   

Figure 3 – Example of a PRPD pattern 

7 Test circuits 

7.1 General 

The essential task of a test circuit for partial discharge measurements is to provide 
appropriate conditions for the detection of partial discharges within the test object. 

The test circuit comprises primarily: 
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– a high-voltage power supply conforming to IEC 60060-1 and IEC 60060-2; 
– a voltage measuring device; 
– a suitable PD coupling unit; 
– a connection cable from the measuring impedance to the PD device with sufficiently low 

damping characteristics and good shielding; 
– a partial-discharge measuring instrument; 
– high-voltage connections. 

To ensure that the test circuit does not influence the measurement of partial discharges from 
the test object, the arrangement should first be tested up to the maximum test voltage in 
accordance with the test procedure given in 9.1.6. 

For laboratory testing or factory testing of single winding components the noise level 
produced by the complete test circuit at maximum required test voltage should be below the 
level of a calibration pulse of 100 pC. To allow for measurement instrument variation, the 
acceptance limit can be a factor of 2 above the calibration pulse level. Background noise is 
another matter than measurement system disturbance, see 9.1.6.1. 

When testing complete windings, the noise level produced by the complete test circuit at 
operating voltage should not exceed 50 % of the maximum PD magnitude expressed in Q. 

NOTE HV transformers with built-in compensation may not operate without the capacitive load of the winding. 

In case the test arrangement is not sufficiently free of interference to allow the measurement 
of the specified low threshold value of PD magnitude, an impedance or filter can be 
introduced at the high voltage between the test object and the high voltage source. This 
serves to attenuate disturbances from the high voltage source, for example PD from the 
testing transformer, the high voltage conductors or from bushings, or higher harmonics of the 
test voltage within or close to the bandwidth of the measuring system. Further information on 
external noise, disturbances and measuring sensitivity can be found in Annex D and Annex E. 

The whole test circuit should be of a low-inductance arrangement. It is essential that ground 
loops are avoided. Low inductance leads are required as ground connections. 

7.2 Individual winding components 

For partial discharge measurements on individual winding components (stator bars, coils, 
etc.) it is preferable to use two basic test circuits conforming to IEC 60270. These circuits are 
shown in Figure 4. 

The low voltage coupling device in the circuit of Figure 4a is placed on the ground side of the 
coupling capacitor. This arrangement has the advantage of being suitable for test objects with 
one grounded terminal, the test object being connected directly between the high-voltage 
source and ground. In the event of insulation failure during testing, the measuring equipment 
is not subjected to dangerous high voltages. 

In the circuit of Figure 4b, the low voltage coupling device is placed on the ground side of the 
test object. The low-voltage side of the test object should therefore be isolated from ground. 
This test circuit might produce better sensitivity for low capacitance components compared 
with Figure 4a. The polarity of measured PD signals will be reversed for Figures 4a and 4b. 

In both test arrangements, a protection circuit designed to withstand the breakdown current of 
test objects, which might fail during testing, has to be combined with the coupling device. 
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1 = Alternative position for CD 

Figure 4a – Coupling device (CD) in series with the coupling capacitor 

 

Figure 4b – Coupling device (CD) in series with the test object 

Components 
U~ high-voltage supply 

Zmi input impedance of measuring system 

CC connecting cable 

OL optical link 

Ca test object 

Cc coupling capacitor 

CD coupling device 

MI measuring instrument 

Z filter 

Figure 4 – Basic test circuits in accordance with IEC 60270 

7.3 Complete windings 

7.3.1 General 

The information that can actually be obtained from partial discharge measurements taken on 
high-voltage windings depends on the accessibility of the star point and on the method of 
connection chosen for the measuring device. 

The high voltage source and the PD coupling unit should be connected to opposite winding 
terminals whenever possible, to utilize the advantage of the damping effect of the winding 
phase impedance for high frequency PD signals to suppress conducted interference from the 
power supply. The PD coupling unit should be installed as close to the winding terminals as 
possible. For measurements described in 7.3.2, 7.3.3 and 7.3.4 the stator core shall be 
grounded. 
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In Figure 5, a test circuit is shown for a PD measurement on phase U with terminals U1, V1, 
W1 being the high voltage phase terminals and U2, V2, W2 being the star point side of the 
winding. 

 

Components 
U~ high-voltage supply 

Zm measuring impedance 

Cc coupling capacitor 

Figure 5 – Test circuit for PD measurement (S1.1) 
on complete windings 

NOTE 1 All connection configurations given in 7.3.2 to 7.3.4 are based on machines with Y-connections. Some 
connection principles can be transferred to machines with Δ-connection as well. 

NOTE 2 A complete illustrated list of connection configurations, given for Y- and Δ-connection, is given in 
Annex G (see Figure G.1). 

7.3.2 Standard measurements (SX.X) 

For measurements on windings with open star point, the winding connections given in Table 1 
are recommended. Table 2 shows the measurements recommended for closed accessible and 
inaccessible star points. To check the production quality after manufacturing and to have a 
baseline measurement, which facilitates future comparison and trending of partial discharge 
results, it is recommended to perform the measurements listed in Tables 1 and 2 on new and 
used windings. 

Table 1 – Connection configuration S1 for open star point 

ID number HV Ground Cc 

S1.1 U2 V1W1 U1 

S1.2 V2 U1W1 V1 

S1.3 W2 U1V1 W1 

S1.4 U2V2W2 - U1V1W1 
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Table 2 – Connection configuration S2 for closed star point 

ID number HV Ground Cc 

Accessible star point 

S2.1 U2V2W2 - U1V1W1 

Inaccessible star point 

S2.2 U1V1W1 - U1V1W1 

 

A comparison of measurement results from S1.1 to S1.3 with measurement S1.4 for open 
starpoint (Table 1) allows for the detection and distinction of specific partial discharge sources 
between two phases of the winding, for example in the endwinding PD caused by 
contamination or manufacturing deficiencies; and PD in the slot section, see 9.2. 

Depending on the characteristics of the available power supply and the capacitance of the 
winding, it may not be convenient or even feasible to energize the whole winding. Then the 
measurement S1.4 on the complete winding to ground for open star point in Table 1 can be 
left out. In case of new windings, it may be decided, for example for smaller machines, to 
apply a simplified test procedure after manufacturing even for open star point by performing 
only measurement S1.4. This, however, provides less information for future comparisons and 
trending of the winding condition and gives no indication of possible discharges between two 
phases of the winding. 

7.3.3 Optional, extended measurements (EX.X) 

In addition to the standard measurements given in Tables 1 and 2, further extended 
measurements can be made optional, to investigate the PD behaviour of the winding 
insulation in more detail. These measurements are listed in Tables 3 and 4. Measurements 
shall be selected appropriately, if the results of standard measurements indicate specific 
discharge sources that need further investigation. If and what specific kind of extended 
measurement is needed shall be decided by the operator or manufacturer. 

Table 3 – Connection configuration E1 for open star point 

ID number HV Ground Cc 

E1.1 U1 V2W2 U2 

E1.2 V1 U2W2 V2 

E1.3 W1 U2V2 W2 

E1.4 U1V1W1 - U2V2W2 
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Table 4 – Connection configuration E2 for closed star point 

ID number HV Ground Cc 

Accessible star point 

E2.1 U2V2W2 - U1 

E2.2 U2V2W2 - V1 

E2.3 U2V2W2 - W1 

E2.4 U1V1W1 - U2V2W2 

Inaccessible star point 

E2.5 V1 - U1 

E2.6 W1 - V1 

E2.7 U1 - W1 

 

By using the extended measurements listed in Tables 3 and 4 as a supplement to the 
standard measurements of Tables 1 and 2, more detailed information can be obtained about 
the specific location of dominating discharge sources within the stator winding system, since 
these tests utilize the attenuation of pulses when travelling along the winding. 

In cases where conducted interference from the power supply can be excluded, both ends of 
the winding terminals, i.e. the phase and neutral side (U1U2, V1V2, W1W2) for measurements 
S1.1 to S1.4 and S2.1, can be connected, to obtain equal sensitivity for insulation defects 
and/or manufacturing deficiencies at both sides of the winding. 

7.3.4 Using integrated test equipment (IX.X) 

Although not the recommended way to measure PD on complete windings – as defined in 
7.3.2 and 7.3.3 – it may be unavoidable to connect the HV and the PD coupling device to one 
identical terminal. Reasons for that could for example be testing of small machines with small 
terminal boxes, or when the PD measurement instrument is an integral part of the power 
supply, the terminal box may not allow connecting the power supply HV and the coupling 
capacitor Cc to different terminals. All statements given in 7.3.2, except the connection 
diagram, are applicable for these measurements. In analogy to Tables 1 and 2 for 
recommended connections, Tables 5 to 7 show the configurations for such integrated devices.   

Table 5 – Connection configuration I1 for integrated equipment  
and open star point, measurement on high voltage side 

ID number HV Ground Cc 

I1.1 U1 V1W1 U1 

I1.2 V1 U1W1 V1 

I1.3 W1 U1V1 W1 

I1.4 U1V1W1 - U1V1W1 
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Table 6 – Connection configuration I2 for integrated equipment  
and open star point, measurement on star point side 

ID number HV Ground Cc 

I2.1 U2 V2W2 U2 

I2.2 V2 U2W2 V2 

I2.3 W2 U2V2 W2 

I2.4 U2V2W2 - U2V2W2 
 

Table 7 – Connection configuration I3 for integrated  
equipment and closed star point 

ID number HV Ground Cc 

I3.1 U1 - U1 

I3.2 V1 - V1 

I3.3 W1 - W1 

I3.4 U1V1W1 - U1V1W1 

It is important to note that this way of connecting the power supply and the measurement 
equipment to one identical point may include interference from the voltage source and may 
also cause unwanted interference, such as damping effects on the cables and reflections, or 
higher sensitivity to noise caused by the antenna effects of the HV cables. 

8 Normalization of measurements 

8.1 General 

Due to the pulse propagation, resonance and mutual cross-coupling in machine windings, 
mentioned in 4.3, calibration is not possible. The aim of normalization is to ratio out various 
influences of the test circuit, for example power supply connections, stray capacitance, 
coupling capacitance and test object capacitance, by injecting a well-defined reference pulse 
at the machine terminals with the complete test circuit connected. Normalization is to ensure 
that the PD measuring system provides sufficient sensitivity to measure a specified value of 
PD magnitude correctly, as it appears at the machine terminals during the measurement, and 
to show that the PD detection system used, is responding in a repeatable fashion. In addition, 
normalization of the test circuit facilitates comparisons between measurements on objects 
having the same design, when considering the limitations stated in the Introduction. 
Normalization of the test circuit shall be performed by injecting short-duration current pulses 
of known magnitude by means of a reference pulse generator (calibrator) conforming to the 
specifications given in IEC 60270. 

The following points are important to emphasize: 

– normalization does not define the unknown, machine-dependent signal transfer function 
between the actual PD source in the winding insulation and the location of the installed 
sensors, which is in general a function of the location of the PD source and the individual 
winding design; 

– normalization, with the reference pulse generator not connected with shortest as possible 
leads, or with the reference pulse generator connected not closest as possible to the 
machine terminal may lead to improper results, as a result of signal damping and signal 
distortion, for example caused by ringing and reflection, and due to too high inductance; 

– normalization at the machine terminals does not adequately represent the PD pulses that 
actually occur at an unknown location within the stator winding. Consequently, the process 
of normalizing a measurement on complete windings does not provide a measure for 
quality of the insulation system in terms of absolute quantities. As a general rule, it can be 
assumed in the majority of cases that the PD level measured at the terminals is lower than 
at the point of origin; 
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– normalization cannot provide a benchmark for direct comparison of different machines. 

Since pulse propagation phenomena need not be considered when testing fully processed 
coils, bars and other individual winding components which can be treated as lumped 
capacitance, normalization in terms of PD magnitude in accordance with IEC 60270 can also 
serve as a basis for absolute comparison of different objects and can thus give a measure of 
quality, for example for quality assurance testing during manufacturing given that the 
limitations stated in the Introduction are considered. 

8.2 Individual winding components 

For testing individual winding components, the test circuit described in 7.2 shall be normalized 
in accordance with the normalization procedure given in IEC 60270, by injecting current 
pulses of a specified pulse magnitude, with the complete test circuit designed for the 
subsequent measurement. This is performed by means of a reference pulse generator 
connected between the terminals of the test object and the high voltage supply connected to 
the test arrangement but not energized. 

The normalization shall not be performed at more than a factor of 5 from the specified PD 
magnitude, to ensure good accuracy. For individual winding components, the measurement of 
PD magnitude, in terms of apparent charge q (in pC) and in accordance with IEC 60270, is 
recommended. 

8.3 Complete windings 

For testing complete windings, the normalization of the test circuits described in 7.3 is 
performed by injecting current pulses of a specified magnitude at the machine terminals by 
means of a reference pulse generator. This is to simulate PD pulses as they appear at the 
machine terminals during the measurement. However, it should be noted that the use of pC or 
mV cannot be used for direct comparison of different machines. 

Normalization is in principle needed for each type of test circuit arrangement described in 7.3, 
before starting the actual PD test. In case a sequence of PD tests is performed, for example 
S1.1, S1.2, S1.3, in which the symmetry of the three-phase winding can be utilized, 
normalization is necessary only for the first of those measurements. 
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Components 

PG Pulse generator according to IEC 60270 
U~ high-voltage supply 

Zm measuring impedance 

Cc coupling capacitor 

Cstray stray capacitance 

Figure 6 – Normalization of the test circuit for measurement S1.1 

Depending on the size of the individual machine under test, a separate normalization of each 
phase may be advisable, as symmetry of the three phases may not necessarily apply to very 
large machines because of the influence of circuit ring connection design. 

The procedure of normalization for complete windings in accordance with Figure 6 shall be 
performed as follows: 

a) the test circuit is selected in accordance with 7.3, depending on the type of measurement 
to be performed (see Tables 1 to 7); 

b) all connecting leads to the phase terminals, the PD coupler and the test voltage supply 
shall be as short as possible and all components of the test circuit shall be in the final 
arrangement for measurement with the test voltage supply connected but not energized; 

c) the reference pulse generator is connected between the phase to be tested, and ground, 
with leads as short as possible to avoid distortion of the signal because of lead 
inductance. The reference pulse generator shall always be connected directly to the 
phase terminal; 

d) the pulse generator should be adjusted to an adequate pulse magnitude in the relevant 
range of magnitudes expected from the test object; 

e) the reference pulses of constant magnitude are measured by the PD device to determine 
a scale factor for subsequent measurement. 

Since the entire arrangement of the test object, connecting cables and measurement device 
with filter and amplifier needs to be considered from a system perspective, the normalization 
of an individual test circuit for complete stator windings will still only hold for a given machine 
and a given detection system. It is important to emphasize that a normalization is always 
needed if the new testing arrangement differs from that of the previous measurement so that 
no winding symmetry can be utilized. 

In principle, more sophisticated normalization procedures could be performed, which provide 
information on pulse damping and cross-coupling effects of travelling pulses within the 
winding. However, these procedures are beyond the scope of this document. 
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9 Test procedures 

9.1 Acquiring PD measurements on windings and winding components 

9.1.1 General 

Off-line PD measurements may be obtained on individual winding components, individual 
phases or all 3 phases in parallel. In the case of complete or partial windings, the test object 
shall be disconnected from all external power supplies, bus work, surge arrestors, surge 
capacitors, and excitation systems. Where possible, the point of test lead contact shall always 
be as close as possible to the machine terminals. Making contact to circuit breakers should be 
avoided. In all subsequent tests, the entire test circuit, including all components in 
accordance with Clause 7, shall be arranged in the same way as for the initial measurement 
to ensure that measurements can be compared. Furthermore, it is important that the 
measurement system used in accordance with Clause 5 and the normalization procedure 
applied in accordance with Clause 8 are always the same to obtain comparable measurement 
results, for example for trending. In addition, the actual test conditions shall be well-
documented in the test report in accordance with Clause 11. 

9.1.2 Test equipment and safety requirements 

The test setup, including for example the voltage source and cabling used to energize the 
winding, shall be PD free, in accordance with Clause 7, over the range of applicable test 
voltages. The waveform of the applied voltage shall have Upp/Urms = 22 , ± 5 % (Upp is U 
peak to peak, Urms is U root mean square). The voltage supply should also have sufficient 
apparent power (kVA) rating to test according to the test procedures defined in 7.3. 

Applicable safety requirements of the high-voltage PD test include, but are not limited to, the 
following: 

– the circuit shall be equipped with reliable over-current relay or contactor to disconnect the 
power supply in the event of failure or flashover; 

– all high-voltage connections to the test object should be as short as can be reasonably 
achieved, and shall have secure attachments to avoid inadvertent disconnection during 
the test. A grounding stick shall be available; 

– the area immediately surrounding the test object should be clearly marked off using highly 
visible barriers; 

– at least two persons should be in attendance during the process of making connections 
and applying voltage.  

NOTE Health and safety rules and regulations may be applicable during the test. 

9.1.3 Preparation of test objects 

Before starting the test, the test object shall be inspected for cleanliness. Furthermore, 
sufficient air clearance between adjacent phase connections and between internal cables 
within the winding are needed. Cables should not touch each other, or any surface at different 
potential. 

To assess the winding insulation integrity for the test, it is recommended to check the 
insulation resistance before starting the PD test, which should generally be above the limits 
defined in IEC 60034-27-4. Measurement of the insulation resistance will reveal whether or 
not the winding is excessively dirty, damp or if the insulation is damaged. 

Individual winding components (for example coils, bars, or winding sections such as 
formettes) should be carefully prepared before any high voltage is applied. They should be 
clean and dry with the final corona protection applied. Electrical field enhancements at the 
ends of the components should be avoided, with all strands being in good contact. The 
conductive slot coating shall be covered by conductive contact elements throughout its whole 
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length to form an equipotential surface. A thin, flexible copper wire, stranded wires, metallic 
foils or suitable slot models are recommended. 

9.1.4 Conditioning 

PD will typically decrease during the first minutes of voltage application and thus conditioning 
will ensure more stable PD behaviour of the winding or winding component to be measured. 
Therefore, the test object should be conditioned immediately before the test by energizing for 
several minutes before acquiring PD data. To avoid over-stressing the winding, the applied 
voltage should be carefully chosen based on the winding condition. For new and used 
machine windings, a minimum conditioning period of 5 min at the maximum test voltage (see 
9.1.5 and 9.1.6) is recommended. This conditioning is required to minimize the fluctuation of 
the PD patterns. Conditioning may be useful also for individual winding components. 
Following the conditioning cycle, the voltage may then be re-applied to start the partial 
discharge measurements. 

Conditioning of new individual bars and coils may also be done by applying high voltage (> 
UN) for shorter time. By doing so, the PD measurement can be more easily integrated into the 
manufacturing testing procedure, such as performing the high voltage withstand test to the 
individual bars and coils before performing the PD test. 

9.1.5 Test voltages 

For the PD test, the test object is connected to the circuit in accordance with Clause 7 and the 
increase in applied voltage is made either in suitably chosen steps (for example 
∆U = 0,2 Umax) or by a continuous ramping (≤ 1 kV/s) up to the maximum test voltage Umax. 

In the case of a stepped voltage increase (see Figure 7a), a dwell time on each step of at 
least 10 s (when testing with line frequency) is required to record the relevant PD parameters 
including the PD pattern at each voltage step. 

In the case of a continuously ramped test voltage (see Figure 7b) performed with line 
frequency, the power supply needs to be sufficiently PD free during voltage regulation. 

The maximum applied test voltage Umax for new windings and winding components should be 
selected from the following voltage levels: 

– U1 = UN / 3 , or operating (line-to-ground) voltage of the insulation system; 

– U2 = 1,2 UN / 3 , or 120 % of operating (line-to-ground) voltage of the insulation system; 

– U3 = UN, or rated line to line voltage of the insulation system. 

Higher test voltages among the above voltages may provide additional information. 

For used windings, the ramping rate and maximum test voltage should be agreed between 
tester and owner. 
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Figure 7a – Gradual stepped power-up 
in steps of U/Umax = 0,2 

Figure 7b – Continuous power-up 
with ramped test voltage 

 

Figure 7 – Test voltage applied to the test object during PD measurement 

9.1.6 PD test procedure 

9.1.6.1 Background noise assessment 

Consistent with IEC TS 60034-27-2, noise is defined to be signals that are not from the stator 
winding or winding components that are clearly not pulse-like; whereas disturbances are 
electrical pulses of relatively short duration that may have many of the characteristics of 
stator winding PD pulses – but in fact are not stator winding PD. 

Before starting the PD test, the level of background noise associated with the measurement 
arrangement should be obtained to ensure that the test arrangement has sufficiently low noise 
and PD up to the maximum test voltage. This should be performed with the PD measuring 
arrangement fully prepared for the test, preferably by replacing the test object by an 
appropriate discharge-free capacitor. If such a capacitor is not available, the PD measuring 
arrangement may be prepared by running the entire test arrangement at no-load with power 
supply, PD coupling unit and a PD measurement instrument with only the test object being 
disconnected, up to the maximum test voltage. In the case of the no-load test, the test circuit 
needs to be normalized separately for the no-load condition to gain reliable PD values. If 
ramped voltages are to be applied during subsequent testing, the no-load test should be done 
with the same slope. 

Variable voltage sources may generate significant noise during voltage regulation. When 
performing gradual step test, measurements during voltage regulation shall be avoided. When 
performing continuous ramped testing adequate equipment shall be used. 

9.1.6.2 Reducing the influence of noise and disturbance 

Noise resulting from sources inherent in the measuring equipment cannot practically be 
eliminated, for example thermal noise in accordance with Annex E (noise, disturbance and 
sensitivity). Disturbances, which are assumed to result from external components, can be 
reduced or even eliminated by appropriate measures. In a first step, it is necessary to localize 
such disturbance signals when they appear and to take appropriate measures to minimize 
them. In general, the following guidelines can be given to optimize the measurement 
arrangement: 

– use a proven combination of PD coupling unit and measuring equipment; 
– place the coupling unit as close to the test object as possible, to reduce damping between 

the test object and the coupler; 
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– connect the power supply and the PD coupling unit to opposite winding terminals in 
accordance with Clause 7 to ensure that disturbances from the power supply will be 
attenuated when propagating through the winding; 

– when testing complete stator windings ensure that the leads of all embedded resistive 
temperature detectors (RTDs) are anchored to the grounded stator frame; 

– normalization and measurement of the test arrangement is recommended before every 
usage. Depending on the location and time of measurement, the quality of the supply 
network may change and/or the transformer may get more and more dirty over longer 
times. Furthermore, the transformer insulation may age, etc.; 

– in general, the grounding of the test object and the measuring device has to be good 
(large area grounding). If possible, the same connection point for the PD coupling unit, the 
test object and the measuring equipment shall be used; 

– build the test arrangement as compact as possible. Short measuring cables, short ground 
leads and compact circuit dimensions reduce the inductance and also any electromagnetic 
coupling into the test circuit by antenna effects; 

– some measuring cables need a matching resistor to avoid reflection. Only proven cables 
should be used for the same reason; 

– some electronic device, for example computers, monitors and wireless devices, may cause 
interference to the measuring device. Often positioning these devices into another 
direction can reduce such influences on the measurement. The use of a Faraday cage, in 
the simplest case a skeleton cage could be sufficient, is an additional means of reducing 
the overall noise. By nature, this method is applicable for single winding components; 

– furthermore, filters can be used. In this case, noise can be filtered at the low or the high 
voltage side of the transformer. High-side filters are mandatory for resonance systems. 

9.1.6.3 PD testing 

With the PD measuring circuit fully prepared for the test in accordance with Clause 7, the test 
voltage is applied to the test object as described in 9.1.5. At each voltage step, or during 
continuous ramping, the PD data listed in Clause 6 shall be recorded and processed to 
provide appropriate PD data presentations. To provide the Q = f(U) curve as well as PD 
inception (PDIV) and extinction voltages (PDEV) in accordance with Clause 6, the 
measurement should be performed with increasing and subsequently decreasing test voltage 
as shown in Figure 7. The same rate of change during voltage increase and decrease should 
be applied. 

When using digital instruments the calculation of Q (either Qm or Qiec) requires a minimum 
time for collecting data and processing these. The period of continuous data collection for 
processing the Q-values shall at least be 5 s at power frequency. Consequently, the time to 
hold the voltage stable shall be longer, e.g. 10 s. 

If the test frequency is differing from power line frequency Annex A gives guidance for how 
long to measure. 

If the partial discharge values during voltage application are recorded electronically and 
stored in files of measured values, the diagrams described in Clause 6 can be obtained and 
further evaluation as described in Clause 10 can be carried out to assess the measured PD 
results. This may include the distribution of pulse magnitudes, phase resolved distributions or 
specific PRPD patterns (see Clauses 6 and 10) at various levels during test voltage increase 
and decrease. 

Any comments or observations during the test should be recorded to benefit future reference. 
Depending on the machine being tested and the aim of the test, an appropriate sequence of 
standard measurements and/or optional extended measurements as described in Clause 7 
should be taken. 
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9.2 Identifying and locating the source of partial discharges 

The electrical measurement of PD at the terminals of the specimen evaluates the intensity, 
frequency, and polarity of discharges, when using instruments that provide the PD parameters 
in accordance with 6.3. However, to translate these parameters into useful information about 
the winding condition, it is important to identify the location of the source of the partial 
discharges. One means of PD identification is to resort the PRPD pattern, if this is available. 

Initially, the PD test is generally performed on individual phases while the other two phases 
are held at ground potential. This will provide a characteristic PD distribution or PRPD pattern 
for each phase. Following the per-phase test, and assuming that a power supply of sufficient 
apparent power (kVA) rating is available, the first and most basic method of determining 
discharge origin under off-line test conditions is to use the test voltage source to energize 
simultaneously all three phases of the winding. Under these conditions, the effect of phase-to-
phase voltage gradient in the end-winding is suppressed. If all three phases are energized at 
once, discharges associated with phase-to-phase activity in the end-winding will be 
diminished in the PD signature. Phase-to-ground discharges may still be evident, the causes 
of which should be thoroughly investigated. A corresponding decrease in PD magnitude and 
pulse count suggests that the end-winding is contributing to the signal obtained during the 
per-phase measurement. This is a useful means of segregating end-winding PD from 
discharges in the slot. 

To locate the source of a specific problem, it may be helpful for the diagnostic process to 
subdivide the winding, if possible. However, since machine manufacturers will run together 
pole jumpers, circuit rings, and cables from one phase so that these elements are in contact 
with one another, in this situation, with one circuit grounded while the other is energized, an 
abnormal condition exists and high PD discharge levels may be recorded. 

NOTE In cases where it is necessary to test a subdivided winding, the purchaser and tester may consult the 
machine manufacturer for guidance before starting the operation. 

A variety of supplementary test methods has been developed, making use of the different 
physical effects of partial discharges. To confirm the presence or absence of end-winding 
discharge, it is a useful practice during these tests to examine the winding from both ends 
using a viewing scope or camera capable of detecting corona discharge. It is an advantage of 
off-line tests that such inspections can be performed with covers and rotor removed, if 
required. 

Other off-line methods for PD detection and methods for localization are listed in Annex C. 

10 Interpretation of test results 

10.1 General 

In general, factory PD testing of windings and winding components is intended to ensure 
consistent manufacturing quality (such as proper application of stress control coating), 
whereas on-site PD testing of windings is to determine the degree of ageing due to the 
various ageing factors during operation. Thus, interpretation of results obtained from these 
tests is the final, most important step after the PD measurements have been taken. 
Depending on the test results, it has to be decided whether there are any indications of 
defects and, if so, what they imply regarding the performance of the insulation system, 
whether any supplementary tests are needed and the planning and/or implementation of any 
essential corrective maintenance. 

It should be noted that individual machines are usually subjected to specific stress profiles 
during operation and that there is a great variety of design features, production conditions and 
various insulation systems from different manufacturers. This usually leads to significant 
variations in the amounts of partial discharges depending on the individual properties of the 
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machine being tested. As a result, a direct comparison of different types of machines, 
windings and winding components in terms of absolute values is not possible. 

It is also not possible to establish any absolute limits for complete windings, for example as 
acceptance criteria for use during production or operation. Therefore, no specific limits that 
can be used for quality assessment will be given in this document. Similarly, the great variety 
of PD test instrument characteristics has made it difficult to set absolute PD limits for new 
coils and bars. 

To improve the interpretation of PD test data obtained on complete stator windings, the 
results from previous inspection reports, for example from visual inspections, should be 
carefully examined and considered for condition assessment. 

The stress control coating in the winding overhang is not only field dependant but also 
frequency dependant. The higher the frequency, the shorter is the effective grading lengths on 
the winding surface. This may cause additional PD at the overlapping section of the 
conductive slot coating and the stress control coating. With lower frequencies, for example 
with VLF, the field distribution on that stress control coating becomes more linear, so that the 
effective grading lengths also increases, carrying ground potential closer to the support 
structure and may generate additional PD there. 

10.2 Interpretation of PD magnitude, inception and extinction voltage 

10.2.1 Basic interpretation 

The basic result to interpret from any off-line PD test on windings and winding components is 
the largest repeatedly occurring PD magnitude referred to as Qm or Qiec, measured at 
increasing and decreasing test voltage, in accordance with 6.2. In addition, the PD inception 
voltage (PDIV) and the PD extinction voltage (PDEV) may be recorded. 

Even if the PD site which produces the highest PD magnitude is not necessarily the most at 
risk location in the winding, detection and interpretation of PD magnitude as a function of test 
voltage provides a simple but inconclusive means of characterizing typical dominating PD 
sources. A more powerful interpretation method is to interpret the phase resolved PD pattern 
recognition as described in 10.3. Annex F provides examples and more details in pattern 
recognition and PD based condition assessment. 

Interpretation is always comparative for complete stator windings, bars or coils. That is, it is 
not generally possible to specify an acceptable level of Q, or a level of Q where there is a high 
risk of insulation failure. This is related to the reasons described in the introduction of this 
document, as well as to the fact that PD is often only a symptom of the failure process, not a 
direct cause. A simple but inconclusive interpretation for complete windings can be made by 
the methods described below. For a more complete interpretation PD pattern recognition to 
identify the PD source is recommended. 

– trending Q on the same stator over time, using the same test method and equipment with 
the same technical characteristics; 

– comparing Q from several stators with the same design, using the same test method and 
equipment with the same technical characteristics; 

– comparing Q between different phases of one stator, using the same test method and 
equipment with the same technical characteristics. 

PD results on individual coils or bars can be measured in pC, and the PD magnitudes are 
comparable when using the same test apparatus, test circuit arrangements and instrument 
settings under the well-controlled ambient conditions. A good quantitative comparison 
between PD measurements can be obtained if the same type of reference pulse generator, 
same connecting cable (type and length) and same location of reference pulse injection is 
chosen. This allows comparison of the PD magnitudes between different coils or bars when 
also considering the limitations stated in the Introduction. 
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HV machine windings and winding components, which normally have mica based insulation 
systems that can withstand PD are by nature not free of voids that allow PD to occur, it could 
be desirable to have a higher PDIV and PDEV which may suggest that there are fewer voids 
of large size in the stator winding insulation. However, no judgments should be made solely 
based on PDIV and PDEV until additional diagnostic techniques are used to assess the 
insulation system. This is in contrast to PD-free systems where the PDIV and PDEV are 
proven values for assessing the suitability of an asset. 

On individual winding components, the discharge inception voltage (PDIV) and discharge 
extinction voltage (PDEV) are measured with a maximum specified noise background in pC. 

10.2.2 Trend in PD in a machine over time 

This is a powerful means of interpreting PD data on complete stator windings, no matter which 
detection method is used. One should first obtain an initial fingerprint of the off-line PD 
activity. The initial fingerprint is best when the winding is new. If the winding deteriorates due 
to operation in service, then Q will usually increase over time. For example, remarkable 
increase of Q over time may be an indication that significant deterioration has occurred. 
Additional off-line tests, PD location using methods described in Annex C and a visual 
inspection of the winding may then be warranted within a reasonable time. 

For trending and comparison purposes these fingerprint measurements are best made on site, 
thus in the correct environment, with the measurement equipment and the method to be used 
in future. To ensure a good comparability between periodically performed PD measurements, 
conditions like temperature and humidity should be at least similar. 

Some caution with regard to PD trending over time has to be considered: 

– a new stator may have relatively high PD that typically decreases after the first period of 
operation, for example due to post-curing; 

– for the trend to be meaningful, the trend plots should only show data collected at the same 
voltage, temperature and similar humidity conditions, using the same PD detector. As far 
as possible, between tests, the test voltage should be within ± 2,5 %, the temperature of 
test object should be within ± 10 °C;  

– for hydrogen cooled machines, it provides additional diagnostic value to perform the 
measurement under atmospheric air conditions. In any case trending of tests shall be 
performed under the same atmospheric conditions. For the interpretation of the PD results 
taken under atmospheric conditions the end winding spacing design should be taken into 
account; 

– variations of Q of a certain percentage, for example ±25 %, are normal, due to 
unavoidable changes in test conditions and more or less statistical behaviour of PD 
processes. 

If the trend over time is high, or the individual readings changes significantly in comparison, 
then the PD data can be further analysed to determine the probable cause for the high PD 
activity. In this case, the analysis of phase resolved PD patterns (Figure 3) in accordance with 
10.3 is useful for identifying the PD sources. 

10.2.3 Comparisons between winding components or between windings 

Another effective way to determine if one winding or winding component is different from 
another is to compare the PD quantities between winding components or between windings. 
Different comparisons are possible. 

a) Factory tests on winding components 
Comparisons based on Q can be made when the measurements are performed on the 
same design bar or coil, using the same equipment, same instrument setup, the same test 
method as well as same conditions, as outlined in the Introduction of this document. If 
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external discharges can be excluded, the results of such tests can be used to determine if 
there has been a deviation in processing or insulating materials used in the component. 

b) Factory tests on windings 
When comparing PD results between similar machines, the most reliable comparison 
occurs when all the stators are identical including having the same insulation system, and 
the tests are done at the same voltage, with similar temperature and humidity conditions in 
accordance with 10.2.2. The tests shall also be performed with the same PD test 
equipment operating at the same frequency range using the same test arrangement.  
When such comparable data are accumulated and enough data are established for 
statistical evaluation, the quality assessment between the machine windings maybe done 
in the view of PD magnitude. 

c) On-site test on windings 
Comparisons can be made between windings of the same design, manufacture and 
ratings, to estimate which winding may have been subjected to the most in-service ageing. 
Windings with higher Q at the same test voltage may, depending on where the PD sources 
are located in the winding, be an indicator of stronger deterioration. The windings shall be 
tested with the same test equipment using the same frequency range and considering the 
limitations stated in the Introduction. 

10.3 PD pattern recognition 

10.3.1 General 

PRPD patterns in accordance with Figure 3 (see 6.3.2) is a common way to interpret off-line 
PD measurements. Since the degree of deterioration, and hence the risk of insulation failure, 
depends considerably on the specific type of partial discharges, it is crucial to have sound 
information on the source of any PD activity, i.e. on the type and possible location within the 
stator winding or winding component. 

When using the PRPD patterns, it may be possible to separate various PD sources from each 
other, to assess the related risk and to trend them separately. When knowing the source of 
PD and the physical process behind it is also possible to weight their risk separately. This 
should be done, because there is little correlation between the PD magnitudes and the ageing 
process these PD patterns indicate. 

For example, it may happen that two sub-patterns, appearing in one PD reading, may reach 
similar PD magnitudes: one caused, for example by delaminations within the main insulation 
of the slot section, the other caused, for example by surface effects somewhere in the end-
winding. Although both phenomena generate PD that may reach similar magnitudes, for 
example, the delamination PD in the slot section, caused by overheating, indicates a more 
critical insulation condition than the surface PD in the end-winding area, caused by 
contamination or elevated humidity. 

10.3.2 Basic interpretation 

A basic procedure that can be applied for the identification and localization of typical PD 
sources in windings, by using phase resolved PD patterns, is shown in Figure 8. Each sub-
pattern that can be separated from the complete PD reading can be classified in this way. 
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Figure 8 – Example for identification and localization of PD sources 

The aim of PD pattern interpretation is to separate PD resulting from various PD sources 
within the test object. With this information, it is possible to (see Annex F): 

– observe the trend behaviour of each PD source; 
– localize the various PD phenomena; 
– provide rough information concerning location for pinpointing; 
– assess the insulation condition, depending on PD source and PD location. 

When analysing phase resolved PD patterns, again the most meaningful interpretation can be 
obtained by: 

– trending the PD pattern on the same stator over time, using the same test method and 
equipment with the same technical characteristics; 

– comparing PD patterns from several stators with the same design, using the same test 
method and equipment with the same technical characteristics; 

– comparing PD patterns between different phases of one stator, using the same test 
method and equipment with the same technical characteristics. 

To facilitate comparison between test results a suitable database of PD measurements should 
be utilized. This database should ideally include a complete history of the PD behaviour and 
the operational and maintenance data of each machine under test. 

Furthermore, it is advisable for the database being used to incorporate PD test results that 
can be visualized in accordance with Clause 6 so that typical PD patterns can be compared 
directly with those obtained from new measurements. When using such a database, the PD 
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test results, quantified in accordance with Clause 6, may be assigned to specific sources of 
PD. 

The specific relationship between the source of the PD, its typical behaviour and also its 
implications for the risk of insulation failure, is usually based on past experience verified in 
practice. In addition, the database can also be utilized for the direct comparison of PD results 
with those of machines of similar design and insulation system, which provides further useful 
information. 

11 Test report 

The test report should contain all data necessary for future trend analysis, as well as a clear 
recommendation to the operator on the condition of the machine. 

An example of preferable data included in a test report is shown below. 

a) Machine data 
– manufacturer 
– type and serial number 
– year of manufacture 
– original winding/date of rewind 
– rated voltage 
– rated current 
– rated apparent power 
– rated power factor 
– rated frequency 
– insulation class/maximum permitted winding temperature 
– insulation system 
– stator cooling system/media 

• indirect air/hydrogen/carbon dioxide 

• direct cooled/air/hydrogen/water 
b) Owner’s data 

– owner 
– location 
– unit 

c) Operational data 
– operation mode (continuous/intermittent) 
– inverter driven 
– total and/or equivalent operating hours to date 
– total starts to date, if available categorized in hot, warm and cold starts 
– number of trips to date 
– maximum winding temperature and conditions 
– average winding temperature 
– important events to date 

d) Test circuit and equipment 
– description of the test circuit according to 7.3 
– test equipment used 
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• manufacturer 

• type 

• serial number 

• calibration date and certificate number 

• capacitance of the coupling capacitor (if used) 

• instrument settings 

• type of normalization equipment used 
– measuring bandwidth of the PD measuring system 

e) Test conditions 
– test specialist 
– date 
– ambient temperature 
– stator winding temperature 
– relative humidity 
– ambient air pressure 
– state of the machine/stator winding (normal cooling medium/pressure, or open at 

ambient condition) 
– frequency of applied test voltage, if not identical with rated frequency 

f) Test results 
– insulation resistance 
– instrument settings 
– test voltage levels / ramping rate 
– oscillogram of test voltage, if available 
– conditioning process 
– normalization/calibration factor (per connection if relevant) 
– noise level 
– sources of ambient disturbances if known 
– Q = f(U) and indication of PD magnitude calculation, if Qm or Qiec 
– phase-resolved discharge number distribution if available 
– phase-resolved discharge magnitude distribution if available 
– phase-resolved partial discharge patterns if available 

g) Diagnosis and recommendations 
– based on 

• measurement results 

• comparison with earlier measurements if available 

• a reference database or reference patterns, if applicable 

• observations made during the measurement 

It is advisable to store the measurement results in the most original data-format for future 
reference. 
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Annex A 
(informative) 

 
Influence parameters of test frequency to testing procedure 

For the majority of tests, it will be most convenient to perform them at power line frequency of 
50 Hz or 60 Hz. Knowledge of ageing behaviour and PD phenomena is well documented for 
such frequencies. When using a resonance test system at differing frequencies, and even 
more for test with lower frequencies, for example 0,1 Hz, the tests described in 9.1.5 need to 
be adapted to that. 

Since there is a correlation between test frequency and the repetition rate of partial 
discharges [7], the dwell time during step voltage testing shall be increased and the slew rate 
during continuous ramped testing shall be reduced for VLF testing to capture a meaningful 
repetition rate of PD events. When consequently considering the linear frequency dependency 
mentioned, the testing time at VLF to get an identical amount of partial discharges will 
increase so much that testing will become unpractical. 

To reduce testing effort to adequate times, the following dwell times and slew rates are 
proposed, see Table A.1: 

Table A.1 – Recommended minimum measurement time 
and maximum slew rates 

Test frequency  Hz 400 50/60 10 5 1 0,5 0,1 

Minimum  
measurement time 

 s 10 10 20 25 50 60 100 

Minimum number  
of cycles 

 
- 4 000 

500/ 

600 
200 125 50 30 10 

Maximum slew rate,  
generation of Q =f(U) 

 V/s 1 000 1 000 200 100 30 20 10 

 

NOTE As a general rule, the PD phenomena like PDIV may be frequency dependant. As a consequence, results 
gained at different frequencies may not be comparable. Testing results gained with frequencies other than the 
operation frequency may not reflect the behaviour during operation. 

It is not recommended to measure for significantly shorter durations, because the probability 
to oversee sporadic discharge sources is high. On the other hand, when taking into account 
that most PD visualization methods are based on a phase reference such as zero crossing, a 
too long measurement time is also not advised. Frequency jittering or false detection of zero 
crossings makes for example the PRPD patterns looking fuzzier. 

When generating characteristic values out of a measurement string, such as charge values 
like Q, the measurement frequency or the number of cycles influences the result significantly. 
Taking for example Qm that is defined as the magnitude where PD repetitively occur 10 times 
per second or above at power frequency, a comparable amount of cycles and therefore of 
discharges will occur at longer or shorter times. For example, a measurement taken with a 
resonance transformer operating at 30 Hz has half as many cycles per second, so that the Qm 
at 30 Hz has to be defined as the value where 10 pulses occur per 2 s – or vice versa for 
measurements at higher frequencies. 
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Annex B 
(informative) 

 
Alternative methods to determine discharge magnitudes 

B.1 Qm, according to definition 3.14 

According definition 3.14 Qm is defined as the magnitude associated with a PD pulse 
repetition rate of 10 pulses per second (pps), which can be directly inferred from a pulse 
magnitude distribution. To refer to the value at given polarity e.g to indicate polarity 
predominance, the suffix of the polarity sign is added, such as Qm+ and Qm-. For different 
pulse magnitude distributions, Qm may be identical, whereas Qm+ or Qm- may be different. An   
example for that situation is shown in Figure B.1. 

 

Figure B.1a – Capacitive equivalent of Figure D.1a 

The phase resolved partial 
discharge pattern in Figure 
B.1a has a dissymmetric 
polarity, higher discharge 
magnitudes at the negative 
half cycle. 

The pulse magnitude 
distribution of that pattern, 
shown in Figure B.1b, 
shows that the positive 
pulses in red are more 
frequent in the highest 
amplitudes than the 
negative pulses in blue. 
Due to the logarithmic 
scaling of the pulse count 
axis the overall PD 
magnitude Qm+ is nearly 
identical with Qm in that 
example. 

The black curve is the 
absolute value of the PD 
pulses. The curve crosses 
the pulse rate of 10 pps at 
a higher amplitude. 

 

Figure B.1b – Capacitive equivalent of Figure D.1a 

Figure B.1 – Example for the indication of polarity effect 

IEC 
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Qm- = 3,63 nC 

Qm = 5,98 nC 

Qm+= 5,64 nC 
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